U 014834-5 



20 



39921fin.doc 23 Oct. 00 

FIELD OF THE INVENTION 
The present invention relates lo leukocyte fillers and filtration generally. 

BACKGROUND OF THE INVENTION 
Filters are commonly used to remove leukocytes from blood and blood 
products in order to minimize various adverse effects of while cell transfusion. 
Examples ofadverse effects include non-heinolytic febrile reaction, alloimmunization 
io and graft versus host disease. Commercial leukoreduclion filters are mostly 
composed of non-woven materials, which are made up of discrete libers bonded or 
pressed together, 

Another filter known in the art is a membrane filter, which, instead of having 
discrete fibers, is a continuous structure containing a network of pores. The 
15 membrane enables efficient capture of leukocytes and a reasonably good passage of 
the desired blood components (e.g., erythrocytes, platelets or plasma). However, 
membrane filters known in the art arc cither lacking in performance or require 
specific materials of construction, unusual pore morphology, a very narrow pore size 
distribution or pore size gradation within the filter. 

One example of a membrane filter is described in US Patent 5,895,575 
assigned to the present applicant/assignee, the disclosure of which is incorporated 
herein by reference. The v 575 patent describes a filter composed of nitrocellulose 
membranes and non-woven materials. 

US Patent 5,476,587 (Kuroki et al.) describes a membrane with a most 
frequent pore diameter of 1-5 |im f and a pore size weight average to number average 
ratio of 1 .5 to 2.5, the ratio gradually changing from the top to the bottom of the filter. 

US Patent 5,707,526 (a contimiation-in-part of Kuroki et ai.'s '587 patent) 
describes a membrane having a most frequent pore diameter of 1-5 jam, and a specific 
dust permeability, enclosed in a housing of a specially designed structure. 

LiS Patent 5,478,470 (Fukuda et al.) describes membranes with a specific set 
of properties, including pores of 2-30 nm having a combined pore volume equal to or 
greater than 04% of the total pore volume. 

US potent 5,665,233 (a division of Fukuda et nh's '470 patent) describes the 
use of porous materials, including membranes, having a specific set of properties, 
among them ceriain pore volumes, pore size gradation, leukocyte retention per layer, 
and layer thickness of less than 0.5mm. 

European Patent Application Publication No. 0406,485 Al (now abandoned) 
describes membrane containing filters, wherein the membranes are strongly 
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asymmetric, having a median pore size at the upstream surface substantially larger 
than <u ihe downstream surface. 

Japanese Patent Application No. 526,2656 describes membranes with a 
negative charge. Japanese Patent Application No. 503,4337 describes membranes 

5 made specifically of polyvinyl formal or polyurelhanc. Japanese Patent Application 
No. 514,8150 describes a filter containing both porous materials and a non-woven 
fabric with libers of 0.8-3 \xm diameter. Japanese Patent Application No, 54-44270 
(filed April 1 3. 1079) describes a polyester foam used to trap leukocytes. 

Other membrane (liters are described in European Patent Publication No. 

io 408,462 Bl and US Patent 5,234,593, both of which have unusual pore structures, and 
in US Patents Nos. 4,985,153 and 5,783,094. The disclosures of fill publications 
mentioned in the present specification are incorporated herein by reference. 

In general in the prior art, membrane filters arc constructed of specialized or 
non-commercial materials with narrow ranges of pore sizes. In addition, the filters 

15 generally have a non-homogeneous pore structure throughout their bulk, i.e. they 
employ membranes wherein the pores of the membranes have large diameter on one - 
side of the membrane and a narrower diameter on the other side. Also, it has been 
assumed in the prior ait that in order to obtain good throughput and prevent filter 
clogging, the filter must have a multilayer structure with a gradual decrease in pore 

2<> size in the direction of How. 

SUMMARY OF THE INVENTION 
The present invention seeks to provide an improved leukocyte filter, a filtering 
method and a- filtered blood product, including a filtered whole blood product. 

25 There is thus provided in accordance with a preferred embodiment of the 

present invention a leukocyte filter comprising: a prefiltcr portion; and a membrane 
filler portion downstream of the prefilter portion, the membrane filter portion having a 
pore size distribution having a median pore size between 3 and 12 microns and having 
at least 40% of the pore volume being constituted by pores having a pore cross section 

m) diameter of between 3 and 10 microns and having at least 5% of the pore volume 
being constituted by pores having a pore cross section diameter larger than 10 
microns. 

In accordance with a preferred embodiment of the invention, no more than 
60% of the pore volume is constituted by pores having a pore cross section diameter 
:o larger than 10 microns. Jn accordance with a preferred embodiment of the invention, 
the membrane filter portion is characterized in that no more than 30% of the pore 
volume is constituted by pores having a pore cross section diameter less than 3 
microns. In accordance with a preferred embodiment of the invention, the membrane 
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filler portion is characterized in that no more than 30% of the pore volume is 
constituted by pores having a pore cross section diameter less than 3 microns. 

There is also provided, in accordance with a preferred embodiment of the 
5 invention, a leukocyte filter comprising: a prcfilter portion; and a membrane filler 
portion downstream of the preftlUr portion, the prcfilter portion being characterized in 
that it captures less than 60% of incoming leukocyte?; and the membrane filter 
portion being characterized in that it is non-cellulosic and generally homogeneous. In 
accordance with a preferred embodiment of the invention, the membrane filter portion 
io is characterized in that it has a pore surface arca/mcmbrane volume ratio larger than 6 
.square meters per milliliter of membrane volume. In accordance with a preferred 
embodiment of the invention, the membrane filter portion is characterized in that it 
Lms a pore surface area/membrane mass ratio larger than 12 square meters per gram of 
membrane. In accordance with a preferred embodiment of the invention, the 
is membrane filter portion comprises at least one layer of a generally homogeneous 
non-cellulosic membrane, wherein the total pore volume of pores having a diameter 
between 1 - 30 microns is less than 90% of the total pore volume. In accordance with 
a preferred embodiment of the invention, the membrane filter portion is characterized 
in that it has a pore size distribution having a median pore size between 3 and 12 
20 microns and having at least 40% of the pore volume being constituted by pores having 
a pore cross section diameter of between 3 and 10 microns and having at least 5% of 
the pore volume being constituted by pores having a pore cross section diameter 
larger than 10 microns. In accordance with a preferred embodiment of the invention, 
no more than 60% of the pore volume is constituted by pores having a pore cross 
25 section diameter larger than 10 microns. In accordance with a preferred embodiment 
of the i wention. the membrane filter portion is characterized in that at least 40% of its 
pore volume is constituted by pores having a pore cross section diameter of between 3 
and 10 microns. In accordance with a preferred embodiment of the invention, the 
membrane filler portion is characterized in that at least 5% of the pore volume is 
.to constituted by pores having a pore cross section diameter larger than 10 microns. In 
accordance with a preferred embodiment of the invention, the membrane filter portion 
is characterized in that no more than 30% of the pore volume being constituted by 
pores having a pore cross section diameter less than 3 microns. In accordance with a 
preferred embodiment of the invention, the membrane filler portion is characterized in 
35 that it has a pore size distribution having a median pore size between 3 and 12 
microns and having at least 40% of the pore volume being constituted by pores having 
;i pore cross section diameter of between 3 and 10 microns and having at least 5% of 
the pore volume being constituted by pores having a pore cross section diameter 
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larger lhaii 1 0 microns. 

There is also provided, in accordance with a preferred embodiment of the 
invention, a leukocyte filter comprising: a prefiltcr portion; and a membrane filter 
portion downstream of the prefiltcr portion, said membrane filter portion being 
characterized in that it has a pore surface area/membrane volume ratio larger than 6 
square meters per milliliter of membrane volume. In accordance with a preferred 
embodiment of the invention, the membrane filter portion is characterized in that the 
cumulative surface area of pores having a pore diameter of 2-30 microns is less than 
30% of the total surface area of the membrane. In accordance with a preferred 
embodiment of the invention, the membrane filter portion is characterized in that it 
has a pore surface area/membrane mass ratio larger than 1 2 square meters per gram of 
membrane. In accordance with a preferred embodiment of the invention, the 
membrane filter portion comprises at least one layer of a generally homogeneous 
non-eel lulosic membrane, wherein the total pore volume of pores having a diameter 
IS between 1 - 30 microns is less than 90% of the total pore volume. In accordance with 
a preferred embodiment of the invention, the membrane filter portion comprises at 
least one layer of a generally homogeneous non-celhilosic membrane, wherein the 
total pore volume of pores having a diameter between 1 - 30 microns is less than 90% 
of the total pore volume. In accordance with a preferred embodiment of the 
20 invention, the membrane filter portion is characterized in that it has a pore size 
distribution having a median pore size between 3 and 12 microns and having at least 
40% of the pore volume being constituted by pores having a pore cross section 
diameter of between 3 and 10 microns and having at least 5% of the pore volume 
being constituted by pores having a pore cross section diameter larger than 10 
7.5 microns. In accordance with a preferred embodiment of the invention, no more than 
60% of the pore volume is constituted by pores having a pore cross section diameter 
larger than 10 microns. In accordance with a preferred embodiment of the invention, 
the membrane filter portion is characterized in that at least 40% of its pore volume is 
constituted by pores having a pore cross section diameter of between 3 and 10 
30 microns. In accordance with a preferred embodiment of the invention, the membrane 
filter portion is characterized in that at least 5% of the pore volume is constituted by 
pores having a pore cross section diameter larger than 10 microns. In accordance 
with a preferred embodiment of the invention, the membrane filter portion is 
characterized in that no more than 30% of the pore volume being constituted by pores 
;5 having a pore cross section diameter less than 3 microns. In accordance with a 
preferred embodiment of the invention, the membrane filter portion is characterized in 
dial ii has a pore size distribution having a median pore size between 3 and 12 
microns and having at least 40% of the pore volume being constituted by pores having 
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membrane filter portion is characterized in lhat no more than 30% of the pore volume 
is constituted by pores having a pore cross section diameter less than 3 microns, 

There is also provided in accordance with a preferred embodiment of the 
5 invention, a leukocyte filler comprising; a prefiller portion; and a membrane filter 
portion downstream of the prcfilter portion, said membrane filter portion having at 
least 40% of its pore volume being constituted by pores having a pore cross section 
diameter of between 3 and 10 microns. In accordance with a preferred embodiment 
of the invention, the membrane filter portion is characterized in that at least 5% of the 

lo pore volume is constituted by pores having a pore cross section diameter larger than 
10 microns. In accordance with a preferred embodiment of ihe invention, the 
membrane filter portion is characterized in that no more than 30% of the pore volume 
is constituted by pores having a pore cross section diameter less than 3 microns. In 
accordance with a preferred embodiment of the invention, the membrane filter portion 

15 is characterized in that no more than 30% of the pore volume is constituted by pores 
having a pore cross section diameter less than 3 microns. 

There is also provided in accordance with a preferred embodiment of the 
invention a leukocyte filter comprising: a prefilter portion; and a membrane filter 
20 portion downstream of the prefilter portion, said membrane filter portion having at 
least 5% of the pore volume being constituted by pores having a pore cross section 
diameter larger than 10 microns. 

There is also provided in accordance with a preferred embodiment of the 
2> invention a leukocyte filter comprising: a prcfilter portion; and a membrane filter 
portion downstream of the prefilter portion, said membrane filter portion having no 
more than 30% of the pore volume being constituted by pores having a pore cross 
section diameter less than 3 microns. 

30 There is also provided in accordance with a preferred embodiment of the 

invention a leukocyte filtering method comprising: supplying a blood product to be 
filtered of leukocytes to a prcfilter which captures less than 60% of incoming 
leukocytes; and supplying prefiltered blood product to a non-ccllulosic and generally 
homogeneous membrane filter; wherein said blood product to be filtered of 

35 leukocytes has had the content of at least one blood component removed or reduced, 
relative to the content of said at least one component in whole blood, prior to the step 
of supplying the blood product to be filtered of leukocytes to the prefilter. In 
accordance with a preferred embodiment of the invention, the membrane filter is 
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characterized in that it has a pore surface arca/membranc volume ratio larger than 6 
square motors per milliliter of membrane volume. In accordance with a preferred 
embodiment of the invention, the membrane filter is characterized in that it has a pore 
surface area/membrane mass ratio larger than 12 square meters per gram of 
5 membrane. In accordance with a preferred embodiment of the invention, the 
membrane filter comprises at least one layer of a. generally homogeneous 
non-cell ulosic membrane, wherein the total pore volume of pores having a diameter 
between I - 30 microns is less than 90% of the total pore volume. In accordance with 
a preferred embodiment of the invention, the membrane filter is characterized in that 

10 ii has a pore .size distribution having a median pore size between 3 and 12 microns 
and having at least 40% of the pore volume being constituted by porcs having a pore 
cross section diameter of between 3 and 10 microns and having al least 5% of the pore 
volume being constituted by pores having a pore cross section diameter larger than 10 
microns. In accordance with a preferred embodiment of the invention, no more than 

15 60% of the pore volume is constituted by pores having a pore cross section diameter 
larger than 10 microns. In accordance with a preferred embodiment of the invention, 
the membrane (liter is characterized in that at least 40% of its pore volume is 
constituted by pores having a pore cross section diameter of between 3 and 10 
microns. In accordance with a preferred embodiment of the invention, the membrane 

20 filter is characterized in that at least 5% of the pore volume is constituted by pores 
having a pore cross section diameter larger than 10 microns. In accordance with a 
preferred embodiment of the invention, the membrane filter is characterized in that no 
more than 30% of the pore volume being constituted by pores having a pore cross 
section diameter less than 3 microns. In accordance with a preferred embodiment of 

25 the invention, the membrane filter is characterized in that it has a pore size 
distribution having a median pore size between 3 and 12 microns and having at least 
4 0% of the pore volume being constituted by pores having a pore cross section 
diamcLT of between 3 and 10 microns and having at least 5% of the pore volume 
being constituted by pores having a pore cross section diameter larger than 10 

30 microns. 

There is also provided in accordance with a preferred embodiment of the 
invention a leukocyte filtering method comprising: supplying a blood product to be^ 
filtered of leukocytes to a prefilter; and supplying prefiltered blood product to a 
35 membrane fiUer downstream of the prefilter, said membrane filler being characterized 
in that it has a poTe surface arca/membranc volume ratio larger than 6 square meters 
per milliliter of membrane volume; wherein said blood product to be filtered of 
leukocytes has had the content of at least one blood component removed or reduced, 
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relative to ihc content of said at least one component in whole blood, prior to the step 
of supplying the blood product to be filtered of leukocytes to the prefiltcr. In 
accordance with a preferred embodiment of the invention, the membrane filter is 
characterized in thai it has a pore surface area/membrane mass ratio larger than 12 

5 square meters per gram of membrane. In accordance with a preferred embodiment of 
the invention, the membrane filler comprises at least one layer of a generally 
homogeneous non-cellulosic membrane, wherein the total pore volume of pores 
having a diameter between 1-30 microns is less than 90% of the total pore volume. In 
accordance with a preferred embodiment of the invention, the membrane filter 

10 comprises a l least one layer of a non-cellulosic membrane, wherein the total pore 
volume of pores having a diameter between 1 - 30 microns is less than 90% of the 
total pore volume. In accordance with a preferred embodiment of the invention, the 
non-cellulosic membrane is a generally homogeneous membrane. In accordance with 
a preferred embodiment of the invention, the membrane filler is characterized in that 

15 it has a pore size distribution having a median pore size between 3 and 12 microns 
and having at least 40% of the pore volume being constituted by pores having a pore 
cross section diameter of between 3 and 10 microns and having at least 5% of the pore 
volume being constituted by pores having a pore cross section diameter larger than 1 0 
microns. In accordance with a preferred embodiment of the invention, no more than 

20 60% of the pore volume is constituted by pores having a pore cross section diameter 
larger than 10 microns. In accordance with a preferred embodiment of the invention, 
the membrane filter is characterized in that at least 40% of its pore volume is 
constituted by pores having a pore cross section diameter of between 3 and 10 
microns. In accordance with a preferred embodiment of the invention, the membrane 

25 filter is characterized in that at least 5% of the pore volume is constituted by pores 
having n pore cross section diameter larger than 10 microns. In accordance with a 
preferred embodiment of the invention, the membrane filter is characterized in that no 
more than 30% of the pore volume is constituted by pores having a pore cross section 
diameter less than 3 microns. In accordance with a preferred embodiment of the 

30 invention, the membrane filter is characterized in that it has a pore size distribution 
having a median pore size between 3 and 12 microns and having at least 40% of the 
pore volume being constituted by pores having a pore cross section diameter of 
between 3 and 10 microns and having at least 5% of the pore volume being 
constituted by pores having a pore cross section diameter larger than 10 microns. 

35 

There is also provided in accordance with a preferred embodiment of the 
invention a leukocyte filtering method comprising: supplying a blood product to be 
filtered of leukocytes to a prcftlter; and supplying prefiltcred blood product to a 
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membrane Ulcer downstream of the prefiltcr, said membrane filler being characterized 
in iIku ii has a pore surface area/membrane mass ratio larger than 12 square meters 
per grain of membrane; wherein said blood product to be filtered of leukocytes has 
had the content of at least one blood component removed or reduced, relative to the 
5 content of said at least one component in whole blood, prior to the step of supplying 
the blood product to be filtered of leukocytes to ihe prefiltcr. 

There is also provided in accordance with a preferred embodiment of the 
invention a leukocyte filtering method comprising: supplying a blood product to be 

i() filtered of leukocytes to a prefiltcr; and supplying prcfiltered blood product to a 
membrane tiller comprising at least one layer of a non-eel Iulosic membrane, wherein 
the total pore volume of pores having a diameter between 1-30 microns is less than 
00% of the total pore volume; wherein said blood product to be filtered of leukocytes 
has had the content of at least one blood component removed or reduced, relative to 

is the coiv.cm of said at least one component in whole blood, prior to the step of 
supplying the blood product to be filtered of leukocytes to the prefiltcr. In accordance 
wiih a preferred embodiment of the invention, the non-cellulosic membrane is a 
generally homogeneous membrane. In accordance with a preferred embodiment of 
the invention, the membrane filter is characterized in that it has a pore size 

20 distribution having a median pore size between 3 and 12 microns and having at least 
40% of the pore volume being constituted by pores having a pore cross section 
diameter of between 3 and 10 microns and having at least 5% of the pore volume 
being constituted by pores having a pore cross section diameter larger than 10 
microns. In accordance with a preferred embodiment of the invention, no more than 

25 60% of the pore volume is constituted by pores having a pore cross section diameter 
larger than 1 0 microns. In accordance with a preferred embodiment of the invention, 
ihe membrane filler is characterized in that at least 40% of its pore volume is 
constituted by pores having a pore cross section diameter of between 3 and 10' 
microns. In accordance with a preferred embodiment of the invention, the membrane 

}() filler is characterized in that at least 5% of the pore volume is constituted by pores 
having a pore cross seciion diameter larger than 10 microns, fn accordance with a 
preferred embodiment of the invention, the membrane filter is characterized in that no 
more than 30% of the pore volume is constituted by pores having a pore cross section 
diameter less than 3 microns. In accordance with a preferred embodiment of the 

35 invention, the membrane filter is characterised in that at least 40% of its pore volume 
is coasli luted by pores having a pore cross section diameter of between 3 and 10 
microns. In accordance vvixh a preferred embodiment of the invention, the membrane 
filter is characterized in that at least 5% of the pore volume is constituted by pores 
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having a pure cross section diameter larger than 10 microns. In accordance with a 
preferred embodiment of the invention, the membrane filter is characterized in that no 
more than 30% of the pore volume is constituted by pores having a pore cross section 
diameter less than 3 microns. 

5 

There is also provided in accordance with a preferred embodiment of the 
invention a leukocyte filtering method comprising: supplying a blood product to be 
filtered of leukocytes to a prcfiltcr; and supplying prefiltcrcd blood product to a 
membrane filter downstream of the prefilter, said membrane filter being characterized 
10 in that it has a. pore size distribution having a median pore size between 3 and 12 
microns and, having at least 40% of the pore volume being constituted by pores having 
a pore cross section diameter of between 3 and 10 microns and having" at least 5% of 
the pore volume being constituted by pores having a pore cross section diameter 
larger than 10 microns; wherein said blood product to be filtered of leukocytes has 
is had the content of at least one blood component removed or reduced, relative to the 
content of said at least one component in whole blood, prior to the step of supplying 
the blood product to be filtered of leukocytes to the prolilicr. In accordance with a 
preferred embodiment of the invention, no more than 60% of the pore volume is 
constituted by pores having a pore cross section diameter larger than 10 microns. In 
20 accordance with a preferred embodiment of the invention, the membrane filter is 
characterized in that at least 40% of its pore volume is constituted by pores having a 
pore cross section diameter of between 3 and 10 microns. In accordance with a 
preferred embodiment of the invention, the membrane filter is characterized in that at 
least 5% of the pore volume is constituted by pores having a pore cross section 
25 diameter larger than 10 microns. In ctccordance with a preferred embodiment of the 
invention, the membrane filter is characterized in that no more than 30% of the pore 
volume being constituted by pores having a pore cross section diameter less than 3 
microns. In accordance with a preferred embodiment of the invention, the membrane 
(liter is characterized in that at least 40% of its pore volume is constituted by pores 
;>o having a pore cross section diameter of between 3 and 10 microns. In accordance 
with o preferred embodiment of the invention, the membrane filter is characterized in 
that at least 5% of the pore volume is constituted by pores having a pore cross section 
diameter larger than 10 microns. In accordance with a preferred embodiment of the 
invention, the membrane filter is characterized in that no more than 30% of the pore 
35 volume being constituted by pores having a pore cross section diameter less than 3 
microns, In accordance with a preferred embodiment of the invention, the membrane 
filter is characterized in that at least 5% of the pore volume is constituted by poves 
having a pore cross section diameter larger than 10 microns. In accordance with a 
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preferred embodiment of the invention, the membrane filter is characterized in thai no 
more than 30% of the pore volume is constituted by pores having a pore cross section 
di Hinder less than 3 microns. 

5 There is also provided in accordance with a preferred embodiment of the 

invention a leukocyte filtering method comprising: supplying a blood product to be 
filtered of leukocytes to a prefilter; and supplying prcfiltered blood product to a 
membrane filler downstream of the prefilter, said membrane filter being characterized 
in that al least 40% of its pore volume is constituted by pores having a pore cross 

io section diameter of between 3 and 10 microns; wherein said blood product to be 
filtered of leukocytes has had the content of at least one blood component removed or 
reduced, relative to the content of said at least one component in whole blood, prior to 
the slep of supplying the blood product to be filtered of leukocytes to the prefilter. In 
accordance with a preferred embodiment of the invention, the membrane filter is 

is characterized in that at least 5% of the pore volume is constituted by pores having a 
pore cross section diameter larger than 10 microns. In accordance with a preferred 
embodiment of the invention, the membrane filter is characterized in that no more 
Lhan 30% of the pore volume is constituted by pores having a pore cross section 
diameter less than 3 microns. In accordance with a preferred embodiment of the 

20 invention, the membrane filter is characterized in that no more than 30% of the pore 
volume is constituted by pores having a pore cross section diameter less lhan 3 
microns- In accordance with a preferred embodiment of the invention, the membrane 
filler is characterized in that it has a pore size distribution having a median pore size 
bclween 3 and 12 microns and having at least 40% of the pore volume being 

2.i constituted by pores having a pore cross section diameter of between 3 and 10 
microns and having at least 5% of the pore volume being constituted by pores having 
a pore cross section diameter larger than 10 microns. In accordance with a preferred 
embodiment of the invention, the membrane filter is characterized in that no more 
than 30% of the pore volume is constituted by pores having a pore cross section 

M) diameter less than 3 microns. In accordance with a preferred embodiment of the 
invention, the membrane fitter is characterized in that it has a pore size distribution 
-having a median pore size between 3 and 12 microns and having at least-40% of the 
pore volume being constituted by pores having a pore cross section diameter of 
between 3 and 10 microns and having at least 5% of the pore volume being 

35 constituted by pores having a pore cross section diameter larger than 10 microns. In 
accordance with a preferred embodiment of the invention, the membrane filter is 
characterized in that it has a pore size distribution having a median pore size between 
3 and 12 microns and having least 40% of the pore volume being constituted by 
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pores having a pore cross section diameter of between 3 and 10 microns and having at 
least 5% of ihe pore volume being constituted by pores having a pore cross section 
diameter larger than 10 microns. 

5 There is also provided in accordance with a preferred embodiment of the 

invention a leukocyte filtering method comprising; supplying a blood product to be 
filtered of leukocytes to a prcfilter; and supplying prefiUered blood product to a 
membrane (liter having at least 5% of its pore volume constituted by pores having a 
pore cross section diameter larger than 10 microns; wherein said blood product to be 

10 filtered of leukocytes has had the content of at least one blood component removed or 
reduced, relative to the content of said at least one component in whole blood, prior to 
the step of supplying the blood product to be filtered of leukocytes to the prefiher. 

There is also provided in accordance with a preferred embodiment of the 
15 invention a leukocyte filtering method comprising: supplying a blood product to be 
filtered of leukocytes to a prefiher; and supplying prefiltcred blood product to a 
membrane filter downstream of the prcfilter, said membrane filter being characterized 
in that no more than 30% of its pore volume is constituted by pores having a pore 
cross section diameter less than 3 microns; wherein said blood product to be filtered 
20 of leukocytes has had the content of at least one blood component removed or 
reduced, relative to the content of said at least one component in whole blood, prior to 
the step of supplying the blood product to be filtered of leukocytes to the prefilter. 

There is also provided in accordance with a preferred embodiment of the 
25 invention a leukocyte filtered blood product produced by a method including: 
supplying a blood product to be filtered of leukocytes to a prcfilter which captures 
less than 60% of incoming leukocytes; and supplying prefiUered blood product to a 
noivccllulosic and generally homogeneous membrane filter; wherein the leukocyte 
filtered blood product has had the content of at least one blood component removed or 
30 reduced, relative to the content of said at least one component in whole blood, prior to 
the step of supplying the blood product to be filtered of leukocytes to the prefilter. In 
Accordance with a preferred embodiment of the invention, the membrane filter is 
characterized in that it has a pore surface area/membrane volume ratio larger than 6 
square meters per milliliter of membrane volume. In accordance with a preferred 
35 embodiment of the invention, the membrane filter is characterized in that it has a pore 
surface area/membrane mass ratio larger than 12 square meters per gram of 
membrane, In accordance with a preferred embodiment of the invention, the 
membrane filter comprises at least one layer of a generally homogeneous 
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rum-cellulosic membrane, wherein the total pore volume of pores having a diameter 
between I - 30 microns is less than 90% of the una! pore volume. In accordance with 
n preferred embodiment of the invention, the membrane filter is characterized in thai 
il h;is a pore size distribution having a median pore size between 3 and 12 microns 
and having at least 40% of the pore volume being constituted by pores having a pore 
cross section diameter of between 3 and 10 microns and having at least 5% of the pore 
volume being constituted by pores having a pore cross section diameter larger than 10 
microns In accordance with a preferred embodiment of the invention, no more than 
60% of the pore volume is constituted by pores having a pore cross section diameter 
larger than 10 microns. In accordance with a preferred embodiment of the invention, 
the membrane illter is characterized in that at least 40% of its pore volume is 
constituted by pores having a pore cross section diameter of between 3 and 10 
microns. In accordance with a preferred embodiment of the invention, the membrane 
filler is characterized in that at least 5% of the pore volume is constituted by pores 
having a pore cross section diameter larger than 10 microns. In accordance with a 
preferred embodiment of the invention, the membrane filter is characterized in that no 
more than 30% of the pore volume is constituted by pores having a pore cross section 
diameter less than 3 microns. 

M) There is also provided in accordance with a preferred embodiment of the 

invention a leukocyte filtered blood product produced by a method comprising: 
supplying a blood product to be filtered of leukocytes to a prefiltcr; and supplying 
prefilleied blood product to a membrane filter downstream of the preftlter, said 
membrane fitter being characterized in that it has a pore surface area/membrane 

25 volume ratio larger than 6 square meters per milliliter of membrane volume; wherein 
the lcu'<ocyle filtered blood product has had the content of at least one blood 
component removed or reduced, relative to the content of said at least one component 
in whole blood, prior to the step of supplying the blood product to be filtered of 
leukocytes to the prefilter. 

30 

There is also provided in accordance with a preferred embodiment of the 
invention a leukocyte filtered blood product produced by a method comprising: 
supplying a blood product to be filtered of leukocytes to a preftlter; and supplying 
pre filtered blood product to a membrane filter downstream of the prefiltcr, said 
;*5 membrane filter being characterized in that it has a pore surface area/membrane mass 
ratio larger than 12 square meters per gram of membrane; wherein the leukocyte 
filtered blood product has had the content of at least one blood component removed or 
reduced, relative to the content of said at least one component in whole blood, prior to 
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ihc slop of supplying Lhe blood product to be filtered oflcukocyies to the prefilter. 

There is also provided in accordance wilh a preferred embodiment of the 
invention a leukocyte filtered blood product produced by a method comprising: 

5 supplying a blood product to be filtered of leukocytes to a prefilter; and supplying 
pre ill ic red hlood product to a membrane filter downstream of the prefilter, said 
membrane filler being characterized in that il has a pore size distribution having a 
median pore size between 3 and 12 microns and having at least 40% of the pore 
volume being constituted by pores having a pore cross section diameter of between 3 

10 and 10 microns and having at least 5% of the pore volume being constituted by pores 
having a pore cross section diameter larger than 10 microns; wherein the leukocyte 
filtered blood product has had die content of at least one blood component removed or 
reduced, relative to the content of said at least one component in whole blood, prior to 
the stop of supplying the blood product to be filtered of leukocytes to the prefilter. 

15 

There is also provided in accordance with a preferred embodiment of the 
invention a leukocyte filtered blood product produced by a method comprising: 
supplying u blood product to be filtered of leukocytes to a prefilter; and supplying 
prefiitcred blood product to a membrane filter downstream of the prefilter, said 

20 membrane filler being characterized in that at least 40% of its pore volume is 
constituted by pores having a pore cross section diameter of between 3 and 10 
microns; wherein said leukocyte filtered blood product has had the content of at least 
one blood component removed or reduced, relative to the content of said at least one 
component in whole blood, prior to the step of supplying the blood product to be 

25 filtered of leukocytes to the prefilter 

There is also provided in accordance with a preferred embodiment of the 
invention a leukocyte filtered blood product produced by a method comprising: 
supplying a blood product to be filtered of leukocytes to a prefilter; and supplying 

30 prefiitcred blood product to a membrane filler having at least 5% of its pore volume 
constituted by pores having a pore cross section diameter larger than 10 microns; 
wherein said leukocyte filtered blood product has had the content of at least one blood 
component removed or reduced, relative to the content of said at least one component 
in whole blood, prior to ihc step of supplying the blood product to be filtered of 

;>5 leukocytes to the prefilter. 

There is also provided in accordance with a preferred embodiment of the 
invention a leukocyte filtered blood product produced by a method comprising: 
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.supplying a blood product to be filtered of leukocytes to a prcfiher: and supplying 
premiered blood product to a membrane Alter downstream of the prefiher, said 
membrane filter being characterized in thai no more than 30% of its pore volume is 
constituted by pores having a pore cross section diameter less than 3 microns; 
5 wherein said leukocyte filtered blood product has had the content of at least one blood 
component removed or reduced, relative to the content of said at least one component 
in whole blood, prior to the step of supplying the blood product to be filtered of 
leukocytes to ihe prcfiher. 

to There is also provided, in accordance with a preferred embodiment of the 

invention, a leukocyte filtering method, comprising: supplying whole blood to a 
prcfillcr; and supplying prcfihered blood to a membrane filter downstream of the 
prefiher, said membrane filter being characterized in that it comprises at least two 
non-ceilulosic membranes having generally the same degree of symmetry and each 

15 having a thickness of less than about 0.25 mm; characterized in that the prefilter and 
membrane filter, operating together, reduce the number of leukocytes present in one 
unit of whole blood to no more than five million. In accordance with a preferred 
embodiment of the invention, the prcfiher and membrane filter, operating together, 
reduce the number of leukocytes present in one unit of whole blood to no more than 

:u> one million. In accordance with a preferred embodiment of the invention, the filtered 
blood product also contains at least 60% of the platelets contained in the whole blood 
before filtration and at least S5% of the red cells contained in the whole blood before 
filtration. 

25 There is also provided in accordance with a preferred embodiment of the 

invent ion a leukocyte filtering method comprising: whole blood to a prefilter which 
captures less than 60% of incoming leukocytes; and supplying prcfihered whole blood 
to a non-cellulosic and generally homogeneous membrane filter. In accordance with a 
preferred embodiment of the invention, the membrane filter is characterized in that it 

M) has a pore surface area/membrane volume ratio larger than 6 square meters per 
milliliter of membrane volume. In accordance with a preferred embodiment of the 
invention, the membrane filter is characterized in that it has a pore surface 
area/membrane mass ratio larger than 12 square meters per gram of membrane. In 
accordance with a preferred embodiment of the invention, the membrane filter 
comprises at toast one layer of a generally homogeneous non-ccllulosic membrane, 
wherein the total pore volume of pores having a diameter between 1 - 30 microns is 
less than 00% of the total pore volume. In accordance with a preferred embodiment 
of the invention, the membrane filter is characterized in that it has a pore size 
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distribution having a median pore size between 3 and 12 microns and having at least 
40% of the pore volume being constituted by pores having a pore cross section 
diameter of between 3 and 10 microns and having at least 5% of the pore volume 
being constituted by pores having a pore cross section diameter larger than 10 

5 microns. In accordance with a preferred embodiment or the invention, no more than 
60% of the pore volume is constituted by pores having a pore cross section diameter 
larger than 10 microns. In accordance with a preferred embodiment of the invention, 
the membrane filter is characterized in that ai least 40% of its pore volume is 
constituted by pores having a pore cross section diameter of between 3 and 10 

10 microns. In accordance with a preferred embodiment of the invention, the membrane 
filter is characterized in that at least 5% of the pore volume is constituted by pores 
having a pore cross section diameter larger than 10 microns. In accordance with a 
preferred embodiment of the invention, the membrane filter is characterized in that no 
more than 30% of the pore volume being constituted by pores having a pore cross 

15 section diameter less than 3 microns. In accordance with a preferred embodiment of 
the invention, the membrane filter is characterized in that it has a pore size 
distribution having a median pore size between 3 and 12 microns and having at least 
40% of the pore volume being constituted by pores having a pore cross section 
diameter of between 3 and 10 microns and having at least 5% of the pore volume 

H) being constituted by pores having a poro cross section diameter larger than 10 
microns. 

There is also provided in accordance with a preferred embodiment of the 
invention a leukocyte filtering method comprising: supplying whole blood to a 
25 premier; and supplying prefiltcrcd whole blood to a membrane filter downstream of 
the prellUer. said membrane filter being characterized in that it has a pore surface 
area/membrane volume ratio larger than 6 square meters per milliliter of membrane 
volume. In accordance with a preferred embodiment of the invention, the membrane 
filter is characterized in that it has a pore surface area/membrane mass ratio larger 
:,o than 12 square meters per gram of membrane. In accordance with a preferred 
embodiment of the invention, the membrane filter comprises at least one layer of a 
generally homogeneous non-cellulosic membrane, wherein the total ppre volume of 
pores having a diameter between 1-30 microns is less than 90% of the total pore 
volume. In accordance with a preferred embodiment of the invention, die membrane 
35 filter comprises at least one layer of a non-cellulosic membrane, wherein the total 
pore volume of pores having a diameter between 1 - 30 microns is less than 90% of 
the total pore volume. In accordance with a preferred embodiment of the invention, 
the non-cellulosic membrane is a generally homogeneous membrane. In accordance 
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with » preferred embodiment of the invention, ihc membrane filter is characterized in 
that il has a pore size distribution having a median pore size between 3 and 12 
microns and having at least 40% of the pore volume being constituted by pores having 
a pore cross section diameter of between 3 and 10 microns and having at least 5% of 
.S the pore volume being constituted by pores having a pore cross section diameter 
larger than 10 microns. In accordance with a preferred embodiment of the invention, 
no mote ihan 60% of the pore volume is constituted by pores having a pore cross 
section diameter larger than 10 microns. In accordance with a preferred embodiment 
of the invention, the membrane filter is characterized in lhat at least 40% of its pore 
to volume is constituted by pores having a pore cross section diameter of between 3 and 
10 microns. In accordance with a preferred embodiment of the invention, the 
membrane filter is characterized in that at least 5% of the pore volume is constituted 
by pores having a pore cross section diameter larger than 10 microns. In accordance 
with a preferred embodiment of the invention, the membrane filter is characterized in 
1 5 thai no more than 30% of the pore volume is constituted by pores having a pore cross 
section diameter less than 3 microns. In accordance with a preferred embodiment of 
the invention, the membrane filter is characterized in that it has a pore size 
distribution having a median pore size between 3 and 12 microns and having at least 
40% of the pore volume being constituted by pores having a pore cross section 
20 diameter of between 3 and 10 microns and having at least 5% of the pore volume 
being constituted by pores having a pore cross section diameter larger than 10 
microns. 

There is also provided in accordance with a preferred embodiment of the 
25 invcnlio.ii a leukocyte filtering method comprising: supplying whole blood to a 
preilller; and supplying pre filtered whole blood to a membrane filter downstream of 
the picfiltcr, said membrane filter being characterized in that it has a pore surface 
area/membrane mass ratio larger than 12 square meters per gram of membrane. 

30 There is also provided in accordance with a preferred embodiment of the 

invention a leukocyte filtering method comprising: supplying whole blood to a 
prcfiller; and supplying pre filtered whole blood to a membrane filler comprising at 
least one layer of a non-cellulosic membrane, wherein the total pore volume of pores 
having a diameter between 1-30 microns is less than 90% of the total pore volume. In 

35 accordance with a preferred embodiment of the invention, the non-cellulosic 
membrane is a generally homogeneous membrane. In accordance with a preferred 
embodiment of the invention, the membrane filler is characterized in lhat it has a pore 
size distribution having a median pore size between 3 and 12 microns and having at 
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least 40% of the pore volume being constituted by pores having a pore cross section 
diameter of between 3 and 10 microns and having ai least 5% of the pore volume 
being constituted by pores having a pore cross section diameter laTger than 10 
microns. In accordance with a preferred embodiment of the invention, no more than 
5 00% of the pore volume is constituted by pores having a pore cross section diameter 
larger than 10 microns. In accordance with a preferred embodiment of the invemion, 
die membrane filter is characterized in that at least 40% of its pore volume is 
constituted by pores having a pore cross section diameter of between 3 and 10 
microns. In accordance with a preferred embodiment of the invention, the membrane 
K. lilter is characterized in that at least 5% of the pore volume is constituted by pores 
having a pore cross section diameter larger than 10 microns. In accordance with a 
preferred embodiment of the invention, the membrane filter is characterized in that no 
more than 30% of the pore volume is constituted by pores having a pore cross section 
diameter less than 3 microns. In accordance with a preferred embodiment of the 
1 5 invention, the membrane Inter is characterized in that at least 40% of its pore volume 
is constituted by pores having a pore cross section diameter of between 3 and 10 
microns. In accordance with a preferred embodiment of the invention, the membrane 
filter is characterized in that at least 5% of the pore volume is constituted by pores 
having a pore cross section diameter larger than 10 microns. In accordance with a 
20 preferred embodiment of the invention, the membrane filter is characterized in that no 
more than 30% of the pore volume is constituted by pores having a pore cross section 
diameter less than 3 microns. 

There is also provided in accordance with a preferred embodiment of the 
25 invention- a leukocyte filtering method comprising: supplying whole blood to a 
prefiltcr; and supplying prefiUercd whole blood to a membrane filter downstream of 
the prci'ilicr, said membrane filter being characterized in that it has a pore size 
distribution having a median pore size between 3 and 12 microns and having at least 
40% of the pore volume being constituted by pores having a pore cross section 
:,o diameter or between 3 and 10 microns and having at least 5% of the pore volume 
being constituted by pores having a pore cross section diameter larger than 10 
microns. In accordance with a preferred embodiment of the invention, no more than 
60% of the pore volume is constituted by pores having a pore cross section diameter 
larger than 10 microns. In accordance with a preferred embodiment of the invention. 
35 the membrane filter is characterized in that at least 40% of its pore volume is 
constituted by pores having a pore cross section diameter of between 3 and 10 
microns. In accordance with a preferred embodiment of the invention, the membrane 
filler is characterized in that at least 5% of the pore volume is constituted by pores 
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having a pore cross section diameter larger than 10 microns. In accordance with a 
preferred embodiment of the invention, the membrane filter is characterized in thai no 
more than 30% of the pore volume being constituted by pores having a pore cross 
section diameter less than 3 microns. In accordance with a preferred embodiment of 

5 the invention, ihe membrane filter is characterized in that at least 40% of its p6rc 
volume is constituted by pores having a pore cross section diameter of between 3 and 
10 microns. In accordance with a preferred embodiment of the invention, the 
membrane filter is characterized in that at least 5% of the pore volume is constituted 
by pores having a pore cross section diameter larger than 10 microns. In accordance 

to with n preferred embodiment of The invention, the membrane filter is characterized in 
that no more than 30% of the pore volume being constituted by pores having a pore 
cross section diameter less than 3 microns. In accordance with a preferred 
embodiment of the invention, the membrane filter is characterized in that at least 5% 
of the pore volume is constituted by pores having a pore cross section diameter larger 

15 than 10 microns. In accordance with a preferred embodiment oftHe invention, the 
membrane filter is characterized in that no more than 30% of the pore volume is 
constituted by pores having a pore cross section diameter less than 3 microns. 

There is also provided in accordance with a preferred embodiment of the 
;>o invention a leukocyte filtering method comprising: supplying whole blood to a 
prefiltor; and supplying prefiltercd whole blood to a membrane filter downstream of 
the profiteer, said membrane filter being characterized in that at least 40% of its pore 
volume is constituted by pores having a pore cross section diameter of between 3 and 
10 microns. In accordance with a preferred embodiment of the invention, the 
25 membrane filter is characterized in thai at least 5% of the pore volume is constituted 
by pores having a pore cross section diameter larger than 10 microns. In accordance 
with a preferred embodiment of the invention, the membrane filter is characterized in 
that no more than 30% of the pore volume is constituted by pores having a pore cross 
section diameter less than 3 microns. In accordance with a preferred embodiment of 

30 the invention, the membrane filter is characterized in that no more than 30% of the 
pore volume is constituted by pores having a pore cross section diameter less than 3 
microns. In accordance with a preferred embodiment of the invention, the. membrane 
filter is characterized in that it has a pore size distribution having a median pore size 
between 3 and 12 microns and having at least 40% of the pore volume being 

_>S constituted hy pores having a pore cross section diameter of between 3 and 10 
microns and having at least 5% of the pore volume being constituted by pores having 
a pore cross section diameter larger than 10 microns. In accordance with a preferred 
embodiment of the invention, the membrane filter is characterized in that no more 
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than 30% of ihe pore volume is constituted by pores having a pore cross section 
diameter less than 3 microns. In accordance with a preferred embodiment of the 
invention, the membrane filter is characterized in that it has a pore size distribution 
having a median pore size between 3 and 12 microns and having at least 40% of the 
5 pore volume being constituted by pores having a pore cross section diameter of 
between 3 and 10 microns and having at least 5% of the pore volume being 
constituted by pores having a pore cross section diameter larger than 10 microns. In 
accordance with a preferred embodiment of the invention, the membrane filler is 
characterized in that it has a pore size distribution having a median pore size beiwccn 
10 ;> and 12 microns and having at least 40% of the pore volume being constituted by 
pores having a pore cross section diameter of between 3 and 10 microns and having at 
least 5% of the pore volume being constituted by pores having a pore cross section 
diameter larger than 1 0 microns. 

15 There is also provided in accordance with a preferred embodiment of the 

invention a leukocyte filtering method comprising: supplying whole blood to a 
prefiher; and supplying prcfillcrcd whole blood to a membrane filter having at least 
5% of its pore volume constituted by pores having a pore cross section diameter larger 
than 10 microns. 

20 

There is also provided in accordance with a preferred embodiment of the 
invention a leukocyte filtering method comprising: supplying whole blood to a 
prcfiltcr; and supplying prefiltcred whole blood to a membrane filter downstream of 
the prcfiltcr, said membrane filter being characterized in that no more than 30% of its 
25 pore volume is constituted by pores having a pore cross section diameter less than 3 
microns.. 

There is also provided in accordance with a preferred embodiment of the 
invention leukocyte filtered whole blood characterized in that: it includes (i) less than 

3p one million leukocytes per unit of blood, and (ii) at least one ofL(a) at least sixty 
percent of the number of platelets in non-filtered whole blood; and (b) at least ninety 
percent of the number of red cells in non-filtered whole blood. In accordance with a 
preferred embodiment of the invention, the leukocyte filtered whole blood is 
characterized in that it includes: at least sixty percent of the number of platelets in 

55 non-filtered whole blood; and at least ninety percent of the number of red cells in 
non-filtered whole blood. In accordance with a preferred embodiment of the 
invention, the leukocyte filtered whole blood is produced by a method including: 
supplying whole blood to a prefilter which captures less than 60% of incoming 
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leukocytes; and supplying prcfillercd whole blood to a non-ccllulosic and generally 
homogenous membrane lilter. In accordance wiih a preferred embodiment of the 
invention, the membrane filler is characterized in that it has a pore surface 
aroa/mcmbrane volume ratio larger than 6 square meters per milliliter of membrane 
5 volume. In accordance with a preferred embodiment of the invention, the membrane 
lilter is characterized in thaL it has a pore surface area/rncmbranc mass ratio larger 
than 12 square meters per gram of membrane. In accordance with a preferred 
embodiment of the invention, the membrane filter comprises at least one layer of a 
generally homogeneous non-ccllulosic membrane, wherein the tolal pore volume of 
in pores having a diameter between 1 • 30 microns is less than 90% of the total pore 
volume. In accordance with a preferred embodiment of the invention, the membrane 
filler is characterized in thai it has a pore size distribution having a median pore size 
between 3 and 12 microns and having at least 40% of the pore volume being 
constituted by pores having a pore cross section diameter of between 3 and 10 
15 microns and having at least 5% of the pore volume being constituted by pores having 
a pore cross section diameter larger than 10 microns. In accordance with a preferred 
embodiment of the invention, no more than 60% of the pore volume is constituted by 
pores having a pore cross section diameter larger than 10 microns. In accordance 
with a preferred embodiment of the invention, the membrane filter is characterized in 
20 that at least 40% of its pore volume is constituted by pores having a pore cross section 
diameter of between 3 and 10 microns. In accordance with a preferred embodiment 
of the invention, the membrane filter is characterized in that at least 5% of the pore 
volume is constituted by pores having a pore cross section diameter larger than 10 
microns. In accordance with a preferred embodiment of the invention, the membrane 
25 filter is characterized in that no more than 30% of the pore volume being constituted 
by pores having a pore cross section diameter less than 3 microns. In accordance with 
a preferred embodiment of the invention, the leukocyte filtered whole blood is 
produced by a method comprising; supplying whole blood to a prefilter; and 
supplying prcfillercd whole blood to a membrane filter downstream of the prefilter, 
30 said membrane filter being characterized in that it has a pore surface arca/mcmbranc 
volume ratio larger than 6 square meters per milliliter of membrane volume. In 
accordance with a preferred embodiment of the invention, the leukocyte filtered 
whole blood is produced by a method comprising: supplying whole blood to a 
prefilter; and supplying prcfiltered whole blood to a membrane filter downstream of 
35 the prefilter, said membrane filter being characterized in that it has a pore surface 
area/membrane mass ratio larger than 12 square meters per gram of membrane. In 
accordance with a preferred embodiment of the invention, the leukocyte filtered 
whole blood is produced by a method comprising: supplying whole blood to a 
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prolorrcd embodiment unite ,nve„,ion. me membrane f„,er is charactered in Co 

^ pore ™ ,urae ,s * • - «-. 

uumcici less than 3 microns. 



invenrio, T " t0Vi ''' : " a " i0r,ii "" :,; W " h ' l' rcfOT * i '"'^imen. of U>e 

mve ,,o„ leukocyte t.Hered whole Wood prodneed by a method comprism- 
pply.ng whole blood ,„ a pro„„er; and s„ pplving plcfiIlcred who|c ^ 
c br „„ er downsrrcam of me profihe, aaid membrane finer being character! 
u . r has a pore surface areVmembmnc voiume raUo larger man 6 square meter, 
pa milliliici of membrane volume, 

incenho 1 ,"? i" eT^ " CM " lallcc ^ a P«*™<i embodimem of the 
vut on „„ k K ^ b|ood produccd 

Mtpp ytng tvnole biood ,o be filtered of leukocytes ro a profile and snppty „ J 
* prcl.l tered whole blow) ,0 a membrane filter downstream of ,1, prefiZ "aW 
mem ,a„e , ,r being oharae,eri»d in ,h„, i, has a pore surface aroa/mlbt* ' £ 
r«..o larger than 12 square merers per gram of membrane. 

0 invmdol 1 '? f P -' Wid,i<l aCC ° r<li "" ;e With 3 I™ 6 ™ 1 ""l^imem of me 
nvumon lenkocye filtered whole blood produced by a method compnsinB . 

MWlymg w h* biood ,o be filtered of leukocyte* ,„ . pre.iher; „,d supplying 
prcfi tared whole blood ,o a membrane filter downstream of ,he prefJT 2 
membrane flllcr being character^ in ^ „ has . _ ^jj't^g 
molten pore stae between 3 and 12 microns and having a. leas, 40% of the pore 
oUtmc betng ennatnuted by pores having a pore cross section diameter of between 3 
0 mtcrons and having at leas, 5% of the pore volume being constituted by poros 
havmg a pore cross .section diameter larger than 10 microns. 
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I here is also provided in accordance with a preferred embodiment of the 
invention leukocyte filtered whole blood produced by a method comprising- 
supply ing whole blood to a prefiUer; and supplying prefixed -whole blood ,o a 
membrane filter downstream of the prefiltcr, said membrane, fiber being characterized 
i in thul at leas, 40% of its pore volume is constituted by pores having a pore cross 
section diameter of between 3 and 1 0 microns. 

There is also provided in accordance with a preferred embodiment of the 
mvcnuon leukocyte filtered whole blood product produced by a method comprising- 
.supplymg whole blood to a preflltcr; and supplying prefixed whole blood to a 
membrane filter having at least 5% of its pore volume constituted by pores having a 
pore cross section diameter larger than 10 microns. 

There is also provided in accordance with a preferred embodiment of the 
mvcnuon leukocyte filtered whole blood produced by a method comprising 
supplymg whole blood to a p rc fi,ter; and supplying prefiltered whole blood to "a 
membrane filter downstream of the prefilter, said membrane. filter being characterized 
m that no more than 30% of its pore volume is constituted by pores having a pore 
cross section diameter less than 3 microns. 

throughout hC C0 " teXt ^ PrCSCftt aPpUCati ° n ' lhe fol,0win S definition are used 
-Pore size" is pore diameter in microns or other units of length, calculated as a 
luncuon oj mercury intrusion pressure, assuming cylindrical pores and the appropriate 
value of mercury surface tension and contact angle. 

"Median pore size" is that pore size, above and below which the same volume 
ol mercury ,s pressed into the membrane, e.g. if the median pore size is 10 microns 
then the total amount mercury in all pores of a size less than 10 microns is the same as' 
(he total amount of mercury in all pores of a size greater than 10 microns 

"Pore size distribution" is the population frequency distribution of pores 
whose .size is determined as described above. 

"Cumulative pore volume" is the total mercury volume pressed into pores of a 
given size range. 

"Symmetric membrane" and "homogeneous membrane" are used 
-synony mously to refer to a membrane wherein most pores of the membrane maintain 
approximately the same pore cross sectional diameter along the entire length of the 
Pore through the thickness of the membrane structure, irrespective of the pore size 
distribution in ihc membrane. 
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"Pore cross section diameter" (or "pore diameter") is the diameter of the pore 
(assumed to be cylindrical) calculated as described above. "Pore size" and "pore 
diameter" arc used synonymously throughout the present description and claims. 

The present invention also seeks to provide a novel membrane Ieukoreduction 
(liter, a filtering method and filtered blood products. The present inventors have 
(bund that contrary to teachings of the prior art, certain commercial membranes can 
be used to make efficient leukoreduction fillers. Also, simpler structures than 
previously conceived were (bund to make for highly efficient filters. These novel 
structures comprise only two groups of layers, wherein individual layers within each 
group arc generally identical (and need not have gradually or step-wise diminishing 
pore sixes or be arranged to have gradually or step-wise diminishing pore sizes). The 
first group acts as preliminary filter (prcfilter), capturing gel particles, 
micixuggregatcs and a certain fraction of the leukocytes. The second group of 
identical layers captures the remaining fraction of leukocytes. 

The preliminary filter layer is typically made of non-woven sheets with 
relatively large diameter fibers (3,5-10 microns in diameter), although woven sheets 
and membranes not necessarily of the same structure as the filter membranes may also 
be employed for this purpose. The second layer is typically made of identical 
membrane sheets having a median pore size of 3-12 microns. In contrast to the 
teachings of the prior art, it was found that the membranes do not need to have an 
especially narrow pore size distribution (such as the total volume of pores of 2-30 
micron size constituting more than 94% of the total pore volume). It was also found, 
in contrast to the teaching of the prior art, that when used in accordance with the 
present invention, the non-woven sheets can be made of relatively large diameter 
W libers (3.5-10 microns vs. 1-3 microns as taught in the prior art). The filters of the 
present invention can be used without any post-treatment to filter packed red cell units 
or whole blood. If it is desired to recover platelets from either whole blood or platelet 
concentrates, the membrane and preftlter can be chemically treated to provide media 
combining efficient white cell retention and good platelet and red cell recovery (e.g. 
™ by the method described in US 5,783,094. the disclosure of which is incorporated 
herein by reference). 

In a preferred embodiment of the present invention, the filter is constructed of 
two groups of layers, each group containing generally identical layers of filter media. 
One group comprises non-ccllulosic membranes, while the other group comprises the 
35 prcfilter material., preferably non-woven sheets. 

The group of membranes can be made of any biocompatible non-cellulosic 
polymer composition. For example nylon, polyvinyl chloride (PVC), PVC 
copolymers, polyvinylidene fluoride sulfonc polymers, polyester, polyketoncs, 
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aromatic polyamidcs, polyiinides. polycarbonate, polyphenylenc oxide, polyvinyl 
acetate and the like can be used to form ihc membranes of the present invention. The 
membranes can be manufactured by processes known in the an. including but not 
limited to solution phase separation, thermal inversion, foaming and sintering 
Preferably. ,hc thickness of each membrane is less than 0.25mm, preferably of 
tluckncss between about 0.05 mm and about 0.2 mm. As analyzed by mercury 
perimetry, (he membrane filter preferably has a median pore size of 3.0-12 urn. 

In contrast to the teachings of the prior ait, pore size distribution docs not need 
io be especially narrow. Typically, pores in the range of 2-30 um preferably 
constitule less ,han 94% of the total pore volume of the membrane. Also, in contrast 
io the teachings of the prior art, in a preferred embodiment of the invention the 
membrane is essentially symmetrical and isotropic, having homogeneous pores 
throughout its bulk. 

When a group of non-woven sheets is used in a prcfiller or as a palter for the 
membrane, the group of sheets preferably has a mean fiber diameter larger than that 
necessary m filters of the prior art in which leukocytes are captured mostly by the 
non-woven material. The most preferred mean fiber diameter is 3.5-10 um The 
non-woven sheets can be made of various biocompatible materials, e.g., polyester 
nylon, polypropylene, cellulose derivatives and the like. Tt will be understood 
however, that other materials can be used in the construction of the prcfiltcr portion' 
such as woven sheets or membranes having a pore structure and/or pore size 
distribution not necessarily (he same as the pore structure or pore size distribution of 
the membranes used to construct the filter portion of the leukocyte filter. 

Prior an methods for filtering blood, particularly whole blood, employ a 
prehiter, generally to prevent clogging of the filter membranes. The prefiltcrs of the 
pnor art may themselves be layers of membranes, or they may be woven or 
non-woven sheets. However, contrary to the teachings of the prior art, in accordance 
wiih the present invention the thickness of the prefiltcr, whether a group of 
non-woven sheets or other material, will typically be more than 0.5 mm. Also in 
contrast to the prior art. in the present invention the group of preliminary filler layers 
(whether fabricated from non-woven sheets or from other materials, such as 
membranes different from the membrane or group of membranes used in the filter 
portion) can be made to capture less than 60% of all leukocytes, and the leukocyte 
filter will still be highly efficient in both leukocyte retention and volume recovery. 

In constructing a leukocyte filter according to one preferred embodiment of 
the present invention, at least two membrane layers are stacked with at least two 
non-woven sheets and placed in an appropriate housing made of biocompatible 
plnstic. Whole blood or blood fractions are allowed to flow through the filter by 
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gravity. According «o another preferred embodiment of .ho present invention a single 

;:™r is -** with ai ieast tw ° *~ * ~ — - — . 

The membrane and non-woven fabric ,ayers can be either untreated or treated. 

py." c ; r~ : ioic bi °° d and ^ - «*• «» * emc*** ^0^^. 

I Lnclcta ,„ whole blood are also retained by a filter so constructed. If it i.s desired to 
recover platelets from either whole blood or platelet-containing blood fractions, the 
tet -mod .a (boil . membrane and non-woven) need to be chemically treated to prevent 
blockage o» the platelets. Sneh treatment can be, although need not necessarily be. in 
.0 accordance w.tb that described in US Patent 5,783,094, assigned to the present 
app Ucamtognee the disclosure of winch is incorporated herein by reference. Such 

'7™! " CO ' ]XS a " eXtemal and intCrna ' s " rfac « otihe niter media and 

renders then, platelet compatible. Physical and mechanical properties of the media 
ore not alfceted by the treatment. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will be understood and appreciated more fully from the 
lollowmg dctaded description, taken in conjunction with the drawings in which: 

Fig. 1 is a simplified concept-level illustration of a leukocyte filter constructed 
and operative in accordance with a preferred embodiment of the invention; 

Fig. 2 is a simplified partially cut-away pictorial illustration of a leukocyte 
25 therein: ^ ^ * ^ & *^™ d ^ucture useful 

Figs. 3 A and 3B arc simplified pictorial illustrations of respectively a prior an 
.uembrane structure and a homogeneous membrane structure useful in the filter of 
^ l igs. I <?c 2 in accordance with a preferred embodiment of the present invention; 

Fig 4 is a simplified pictorial illustration of a preferred membrane structure 
useful m the Liter oi Fi gs . I & 2 in accordance with a preferred embodiment of the 
present invention; and 



35 



Fig. 5 is a simplified illustration of a preferred pore size distribution of a 
pre erred membrane structure useful in the filter of Figs. 1 & 2 in accordance with a 
preferred embodiment of the present invention. 
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WiTAILED DESCRIPTION OF A PREFERRED EMDOD1MFNT 
kclerencc .. now made to Fig. 1, which is a simplified concept-level 

~ C1 ° V ei,k °T e ilher C ~ d «* opcraUvc in accordance with 
d embody ol the invention. As seen in Fig. 1 there is provided a whole 

TT i" tCr 10 lyPiCai ' y C ° mpriSi " 8 a fl,tCf " defining a who 

blood inlet 1 4 an d a leukocyte-filtered blood outlet 16. 

Disposed i„ filter housing 12 is a preftltcr portion 18 and downstream thereof 
- -mbrane l.her portion 20. In accordance with a preferred embodiment o Z 
P esen t mvent.on. the palter portion is characterized in t,,t it captures 
6 /o ol mcommg leukocytes, which are designated by reference numeral 22 Z 

ZTT P0n ' lOtl 20 ^ PrCfCraMy d — «» il i- --llulosie 1 
, al.y .h mogeneou. Other whole blood components include red blood cells 

.cletuK, „um«al 26 and plasma, which is designated by reference numeral 28 

nictoriJ , C,VnCe " llOW ,mde 10 Fig - 2 - Wh '' Ch iS 8 Sim * msd P™Wy ^t-away 
pictoual illustration ol , leukocyte filter of the type shown in Fig. nLtrating I 

.-.erred membrane structure useful therein. For the sake of co cisene T h 

™ il1 ] y- 2- U» membrane filter portion 20, downstream of the preflltcr 

u " an 6 SqUarC metCfS ^ mi,H,iter ° f volume. The pore 

wrtace ana. as seen ,„ sectton in Fig. 2, is constituted by the interior surfaces 30 of 
vanous porc , 32. The leukocytes 22 tend to adhere to interior surfaces 3 nd Jo 
hn ere , ul trom lhe prcfiltered whoJe ^ - 

wc, L ht rauo larger than 12 square meters per gram of membrane 

Reference is now made to Figs. 3A & 3B. which taken together illustrate 
• her prclen-ed teature of me present invention. Conventional leukocyte fi t" 
unploy non-homogeneous membranes of the type shown in Fig. 3A hc 
non-homogeneous membranes are generally characterized in that they have larger 
. ss sceuons at the upstream region of the membrane than at J downstream 
MPon t ereol. I he use of non-homogeneous membranes involves significant costs. 

Portion 207 ^ ° f ** ^ '' nVenti ° n lhat th * '^brano filter 

ZtZZ 7 ^ ably CmP,0yS Aeneous membranes, i.e. membranes 

r«Tsr ™ cross - sec,ions ° f ecacra,iy th ° same s,zc - 

1 X nT T ,deS Sienif,Cam °°" SaVingS Wi,h S » b «v - 

degradanon ,„ „Uer quahty. An example of such membranes is shown in Fig. 3B As 
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h n 1 - m rr 51 1 ° membiane St, ' UClUre in r '' 8 - 3A ' th < - oss «c«ons of 
1 ,ICi J " * ,ar * cr " 8^«erall y the sai „c at the downstream region of the 

5 i urcfer^f ^ *** * ^ " " ^P 1 ^ <> icl0rial of 

nmfb I StmClUrC * ^ ° f 1 & 2 «» will, a 

n ^ " ° m ° f P1CSenl inVC ' Ui0n - AS ~° fa Fi «- 4 ' * »«»"»- filter 
po on 20 downstream of .he prefer portion 18 is formed with at least some 

^nmc layers living pores that are "leaky". By "leaky" is mc ant that the pore 
cm s sccLon ,s st.eh that normally some leukocyte 22 flow therethrough. Thus 
apphea ,on o< an excessive load of leukocytes on any individual membrane .aye J 
avoided, tluu, reducing the likelihood of elogging. By using . group of membranes 
r*. 0VCrn " '° Uk0Cyte ■* -vertheless be achieved. While, as shown in F J 

4 .1 » not necessarily true that all pores in a membrane are leaky, it is preferably true 
of some pores, such as the pore designated by reference numeral 40 

In accordance with a preferred embodiment of the present invention the 

-brane h.tcr portion has a pore size distribution having a median pore s e 

elTt < I 12 niiCl '° nS ^ ^ M ,CaSt 4 ° % * lhc -lumc being 

~l * P r haVUlfi a *™ ™ ~*» dimeter of between 3 and 10 
•mcons. Preferably at least 5% of the pore volume is constituted by pores bavin- a 
pore cross section diameter larger than 1 0 microns. 

Preferably, not more than 60% of the pore volume is constituted by pores 
havmg a pore cross section diameter larger than 10 microns 

In accordance with a preferred embodiment of the present invention, the 
cntnW filter portion includes at least one layer of a generally homogeneous 

I vina 77 ' WherCin t0lal P ° rC V ° IUmC ° f P° rcs the membrane 

havmg d.amcter between 1-30 microns is less than 90% of the total pore volume 

In accordance with a preferred embodiment of the present invention, the 
membrane (.her pcrtmn is characterized in that no more than 30% of the pore volume 
« confuted by pores having a pore cross section diameter less than 3 microns 

A preferred pore size distribution is illustrated in Fig. 5, which shows a pore 

d.stnbuuon wherein at least 40% of the cumulative (total) volume of all pores is 

located m pores of 3-10 micron diameter, less than 30% of the cumulative volume of 

a" pores ,s located in pores less than 3 micron diameter, and at least 5% of the 

cumulative volu.no of all pores is located in pores of at least 10 microns diameter 

In accordance with one preferred embodiment of the present invention a 
leuko roducTK , fl|wr prcfcrably . ndudcs ^ |cast ^ a n ^ 

manbn.no wuh a median pofC .size of 3.0-12 as determined by mercury 
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poros.mctry. The membrane is preferably symmetric, i.e., there is preferably little 
d.Uerenco ,n .he size of each pore across the membrane thickness, irrespecuve of pore 
*.« d.sinbulum in the membrane. Each membrane layer preferably has a thickness of 
loss than about 0.25 mm, preferably between about 0.05 mm and about 0.2 mm.. 

Preferably, membranes employed in the present invention are ^tortuous paih 
membranes \ as contrasted to "track etched membranes". Track etched membranes 
lave generally cylindrical pores going straight through the thickness of the 
membrane. Track etched membranes, used in some prior art, often have very poor 
throughput. 1 

."> An example of a commercially available membrane suitable for the present 

invention is "VERSAPOR". a membrane made of a PVC-acrylonhrile (PVC-AN) 
copolymer and manufactured by Pall-Gclman, New York. Another example is 
"NYLON MAGNA", made by MSI-Osmonics, Massachusetts. The most preferred 
• Versapor" membrane has a median pore size of 5-5.5 microns, and the most 
i.- P-eterrcd -Magna" membrane has a median pore size of 4.5-5.5 microns 
Surpnsmgly. the present inventors have found that these commercially available 
membranes, in combination with an appropriately chosen preliminary filter, 
sntislactonly filter leukocytes from blood. Nylon 'and PYC-acrylonitrile copolymer 
arc very d.llerem chemically. Since both types of membranes perform satisfactorily, 
2<> u can be stated that chemical constitution is far less important in the context of the 
present invention than pore slructure and pore distribution. This is especially true 
when the membranes are chemically post-treated, rendering their surface chemical 
properties independent of the chemistry of the base polymer. 

A preferred median membrane pore size is 3-12 microns. A still more 
a preferred median pore size is 5-9 microns. It was also found that a preferred pore size 
distr.but.on is one wherein the pores between 2-10 microns constitute 70-90% of the 
total pore volume of the membrane. 

Preferably, the number of membrane layers in the filter ranges from 1 to 10. 
Preferably stacked together with (but not bonded to) the layers of the 
o membrane are at least two layers of a preliminary filter material, preferably (but not 
necessarily) melt blown non-woven sheets with a mean fiber size of 3.5- 1 0 um . The 
layers of the preliminary filter material serve as a prefiltcr for the layers of the 
membrane. When this material comprises non-woven sheets, the non-woven material 
may be made of various biocompatible materials, e.g., polyester, nylon. 
5 polypropylene, cellulose derivatives and the like. Woven sheets and membranes not 
necessarily ofihe same slructure as the membranes used as filter material may also be 
used as the preliminary filter material. Preferably, the number of preliminary filter 
layers ranges from 2 to about 30. The membrane layers and the preliminary filter 
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» ".vendor, « no„-c nis o pr^Zb v *" yWl - — ' ° f ' h0 <«— ' 

•r J-« micron, mTZTZZ*™"'"' * media " — 

eapnciry arc „,cd rco AhT ^ • * " ™ mh ">»°s "* h '"'"ocyc 

"» w of ,,t P 7 : r::::;;''; • °< - ^ 

capacity. enab '° " ,e l,sc of P^iminary mien. with lowcr 

10 The above described embodiment not only filters on, i„i 

generally blocks pa ssaec a! „ lalo ,„. , V ol " '«*°<=y>es. i, a , so 
embodiment of ,, JL Z, Ll , , 

materia, are treated T " yerS ° f *> Md "°~ 

5.7S3.094. which Zll " T " """ in 

> membrane J'thl ^^"^^ » "» «*- of - 

Platelets. ,„ such „, mbo 22 1 ^ """^ ° f W °* 

Severn, iihtstrative 0!Iamp|es ^ ^ ^ „„„ ^ ^ 

Whole Blood Filter with Platelet Recovery - Nylon 

- - a,neo„ s hydro„ 1^ 

membrane was then dried in an oven at SOX for I Jw 3 - 7 *3.094. 1 Ire 

non-woven Z^L T — ■ ™° *" ^ "» 20 

*™ a lllter orrhcZ « F tT" g W " ' bl<Wd in ' et ^ " » 

niler. ,,„„„!„„ was compete in Zl^ 2 *" bl0 ° d 6 ° " *« «» 

Xixamplej. Pore Sive Distribution of Nylon Mombnme 

The ntembranc of example 1 waa subj c c , cd , 0 morcllIy rhjs 
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n.»ly*. showed a m edi»h pore siz0 of „ micromeKi . To 

S „c boKvoea ,.30 mierome.ars „ os 8 0 % . Total porc ^ of 

r.TTn ° " ,i ' T " melCrS ^ 8 ' % ™ a ' «*■» of o o 
.o, , h a, ; ,0 MnKlers was 7%. Tea, p„ rc volume of „o reS „r po re siz L £ 

; mc ~ *- ,2% ' ii » -*« «. „f ^ memta « « 25 . 8 J? 

' K '" : "°"" >re si " d »"*™°» ».nin .h= dteritaioa s „ 0 w„ i„ Fig. s. 
EMmnfeJ Whole Blood Filler with Hatclo! Recovery 

exnmollT."/™ TT <VERSAP0R - which co„s,i,„,c s a., 

^ ' yPi ° f m ° mi!rMC *»™ Re. 311 or Fig. 4, wa., surface-treated as 

d «oa-w«ve„ «,,s were ca, ,„,» circles of 3.5 em i„ diameter. Five membrane 

™ al! 7 , ° n '° ' 8 "~" dfC,C! - in ■ "hereby o 

o,m a l iter „, lhe lypc !hown in Rg j m , blood were ajsed 

"°: b , y 8ravuy - Anaiysis ° f ,,,e n, " a " • p'-c,:::: of 

76% a„d residual white cell count of 0.19 million. 

F.xamplc.4 Pore Size Distribution of PVC-AN Membrane 

The membrane of Example 3 was analyzed by mercury porosimctry The 
analysis showed a median pore si/e of S 1 mi^n t , i »™w«y- ^ 

be.w^-n - in micron. Total pore volume of pores 

Mw.cn ,-10 nneron. was 70 o /o . Tola| volumc P 

he spccilic surface area of the membrane was 14.1 m'/g. The pore vo.unWpore si c 
cl.-lnbut.on falls vvi.hin the distribution shown in Fig. 5. 

raWDclfLi (Comparative) Whole Blood Filter with Platelet Recovery - PVC-AN 

Membrane layers were interspersed among the non-woven layers. PUuelet recovery 
was 66 /o and residual white cell count was 0.08 million. 

Iixiimi2Lc_6 Whole Blood Filter without Platelet Recovery - Nylon 

Nylon membranes constituting an example of the type of membranes shown in 
Hfc. ,B or 4. and non-woven polyester sheets wore used as in Example I. except 
— not .url.ee treated. Filter size was as in Example 3, Sixty-three ml of 
whole blood were passed through the filter. Analysis of the filtrate showed e l 
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Usamplc 7. Platelet Concentrate Filter 

» .«*rial. m j , hc SIack "*™ P"" «"> °f ' 8 layers of „„„. wovin 

* •«*». Analysis o/Zfl l? a T""' "~ ■ "» <«« 

whho -I »,„„ oro.08 n'mC ° d * PlaK " C1 "-"» ° r «* — ■ residue 

'» l; *"rapJS-S,.Sinele Membrane Piltcr 

« «bM flh. The * LtZ ' at Wh °' C bl °° d TOS m ' cred "-"eh .„o 
,!j «»Wl>l«SPorcSi»Di«ribu(ioo 

™»»« Chan 3 .nicromc,*,, " ' P ° r0 TOW ° f ^« of porc si « 

" 25.6 mV s . The pore volu ' I KC C SUrfa " ° f ,h0 mOTt »"«o «« 

wlllJ „ cc „ r P z,™ r as "* as va ™ ions a,,d — 

which arc ,,„, |„ ,„» pri „ ■ , UP °" rM<ii " S " ,C S i- itati on «■ 



